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The best known and most intensively studied relationship between
microorganisms and plants involves the essential nutrient nitrogen.
Plants cannot directly absorb and use the nitrogen gas that constitutes
more than 75 percent of the atmosphere. It must first be fixed or
converted into other nitrogen-containing compounds, either in indus-
trial facilities that produce fertilizer or in certain bacteria and blue-
green algae that live in the soil. The most agriculturally important
nitrogen-fixing bacteria belong to the genus Rhizobium. These bacteria
infect the roots of members of the legume family, including beans, peas,
soybeans, peanuts, alfalfa, and clover, providing the plants with
nitrogen and symbiotically receiving nourishment from the plants.
This buildup of nitrogen-containing substances in turn increases the
fertility of the soil for nonleguminous crops, an observation made as far
back as Roman times.

Researchers are trying to genetically engineer Rhizobium bacteria
so that they will fix nitrogen more efficiently or infect other crops in
addition to legumes. An important consideration in this work is the
competitiveness of the genetically engineered bacteria. More produc-
tive Rhizobium must be able to survive and to displace indigenous
Rhizobium if they are to have an effect.

Other microorganisms also fix nitrogen in the environment, and
researchers are examining these to see if they could be adapted to
supply nitrogen to crops. The challenges involved in this work are to
engineer the organisms so that they will live in association with the
desired crops and fix excess nitrogen beyond their own metabolic needs.

Alternatively, researchers are investigating the possibility of trans-
ferring the ability to fix nitrogen to microorganisms that already live
in association with a given crop. The 17-gene complex that enables the
bacterium Klebsiella pneumoniae to fix nitrogen was isolated, repro-
duced, and introduced into Escherichia coli, which then became nitro-
gen-fixing. But when the same genes were inserted into yeast cells, no
nitrogen was fixed, indicating the difficulties likely to be encountered
in trying to transfer this capacity to higher organisms.

Other microorganisms affect plant growth in different ways. Some
protect plants from bacterial or fungal infections or secrete compounds
that regulate a plant's development. Others protect plants from such
environmental conditions as acidity, salinity, and high concentrations
of toxic metals. Some microorganisms are able to degrade toxic sub-
stances used as pesticides, like 2,4-D. Others can kill weeds or other
plants that compete with a crop for nutrients. As these and additional
relationships between plants and microorganisms become better un-
derstood, genetic engineering will turn to the production of altered
microorganisms that enhance the vigor and growth of crops.